This paper presents a global and optimal environment of the electro-mechanical conversion chain using the doubly-fed induction generator (DFIG) in wind turbines having an active power in the stator of the order of Megawatts (MW).
INTRODUCTION
Wind generation tends to play an important role in the total generation mix of the future power system due to the need to decrease carbon dioxide (CO 2 ) emissions resulting from electricity production. This is due to the existence of no exploited wind resources and to the fact that it is a clean and environmental friendly energy source with a reduced cost of installation and maintenance the wind turbines based on the doubly-fed induction generators (DFIG) is an attractive solution for the wind power generation [4] . Where the rotor is fed by a variable AC voltage sources, which can be controlled in frequencies according to variable speed of the rotor shaft due to the variation of speed wind. Then the electric power at constant frequency is simply provided from the stator of the DFIG [5] . These machines are a bit more complex than the squirrel cage induction machine. In spite of the presence of rubbing contacts (rings-brushes), a main advantage of the doubly-fed induction machine is the accessibility of its both armatures from which the power flow control can be easily occurred between machine and grid. The objective of this work is the modelling, simulation and decoupled control of active and reactive powers for a DFIG [6] . The modelling will allow determining theoretical operating characteristics of the DFIG and studying the influence of the parameters on the operation of the DFIG. The main parameters are the sliding , the stator active power , and the stator reactive power .This decoupling powers control keeps the power factor very interesting [7] . The stator winding is connected directly to the 50 Hz grid while the rotor is fed at variable frequency through the AC/DC/AC converter. The DFIG technology allows extracting maximum energy from the wind for low wind speeds by optimizing the turbine speed, while minimizing mechanical stresses on the turbine during gusts of wind. Another advantage of the DFIG technology is the ability for power electronic converters to generate or absorb reactive power.
THE CONCEPT OF THE ACTIVE POWER
The active power of the stator is always flowing into the grid, independently of the operation state, whereas the machine operates as a motor (sub-synchronism operation) when absorbing power [8] , while the machine operates as a generator (hyper-synchronism operation) when supplying power. By neglecting the power losses, the relation between the rotor power ( ) and the stator power ( ), through the slip ( ) is given by [16] :
Where is defined as the slip of the machine, which is given by :
Therefore, the net power that is generated from both stator and rotor side can be expressed as :
When the slip is negative, the machine will operate in the hyper-synchronous operation state (as a generator), while the machine will operate in the hypo-synchronous operation state (as a motor) when the slip is positive, in this case, the rotor speed is slower than the synchronous speed. By this configuration [9] , the wound rotor induction generator delivers directly the of its rated power to the grid through the stator windings, while it delivers of its rated power through the rotor windings via the converters [16] .
ROTOR-SIDE CONVERTER (RSC) CONTROL OF THE DFIG
The rotor-side converter controller is used to control independently the stator voltage alternatively (reactive power and output active power of the wind turbine [17] [18]). Since the converter operates in a stator-flux q-d reference frame, the rotor current is decomposed into an active power ( ) and a reactive power ( ) component. When the wind speed change, the active and reactive power (or voltage) of the generator will also change. The role of the grid-side converter is to control the DC-link voltage (Voltage in the borders of the capacity which represents the continuous bus) by maintaining it constantly and it is used to generate or absorb reactive power. The DClink voltage is used as well, with the reference frame oriented along the stator currents and stator voltages, enabling independent control of the active and reactive power flowing between the grid and the converters. The decoupling and compensation procedures of a typical grid-side converter control [10] . The difference between these two values ( and ) will go to two Proportional-Integral (PI) controllers which are used to generate the required value of stator voltage ( ). Similarly, the difference between the actual reactive power ( ) and reference value ( ) will go to another two PI controller to generate the required value of the stator voltage ( ) [28] . These desired voltages ( and ), the outputs of both (PI) controllers, are transformed from the frame into the frame to fire the IGBTs [19] .
PULSE WIDTH-MODULATED CONVERTER
The back to back converter consists of one Pulse Width Modulated (PWM) rectifier and one inverted PWM rectifier with a DC-link capacitor in between as shown in figure 4. The only difference between the inverter and rectifier is the definition of the power sign. The rotor side of the converter is modulated to give a sinusoidal line current with a chosen frequency. The DC-link voltage is regulated and kept constant by controlling the power flow through the grid side of the converter. The rectifier and inverter consists of three transistor half-bridges each built up by semiconductors [28] .
Fig 4 : Back to back converter with transistor half-bridges [22]
Voltage modulation means that the momentary output voltage alters between two well defined voltage levels. A transistor half-bridge represent a switch and a PWM rectifier has three switches. The main objective of the grid-side converter is to control the DC-link voltage. The control of the grid-side converter consists of a fast inner current control loop, which controls the current through the grid-filter, and an outer slower control loop that controls the DC-link voltage. The reference frame of the inner current control loop will be aligned with the grid flux. This means that the component of the grid-filter current will control the active power delivered from the converter and the component of the filter current will, accordingly, control the reactive power. This implies that the outer DC-link voltage control loop has to act on the component of the grid-filter current [23] .
The main task of the machine-side converter is, of course, to control the machine. This is done by having an inner fast field-oriented current control loop that controls the rotor current. The field orientation could, for example, either be aligned with the stator flux of the DFIG or the grid flux. For both reference frames the component of the rotor current largely determines the produced torque while the component can be used to control, for instance, the reactive power at the stator terminals [24] . The indices and indicates the direct and quadrature axis components of the reference frame and the indices and indicates rotor and stator quantities, and are the components of voltage and current on the AC side respectively, while and are the components of the same. The expression of DC power in terms of voltages and currents [25] .
The current on the DC side is then given in terms of power on the AC side and the DC-link voltage .
Fig 5 : Command of the DFIG [19]
The active stator power of the generator ( ) is compared with the reference point value ( ) which is determined by the wind speed. The difference between these two values will go to a Proportional Integral (PI) controller, which is used to generate the required value of rotor current ( ) [11] . Likewise, a PI controller of the reactive power side is used to generate the required rotor current ( ). The two outputs of both PI controllers are transformed from the frame into the frame to obtain the required value of rotor currents. Then, , and are algebraically summed with , and respectively [12] . The last result is obtained because of generation and demand quantities. The triggering pulses would control the IGBT switches in the rotor-side converter and that will enhance the stability of the entire system by sustaining the frequency and voltage within permissible tolerances [19] [20] . The rotor-side converter controller is used to control independently the stator voltage (or reactive power) and output active power of the wind turbine [10] [18] . The generic control loop is illustrated in Figure 5 . Since the converter operates in a stator-flux q-d reference frame, the rotor current is decomposed into an active power (q-axis) and a reactive power (d-axis) component. When the wind speed change, the active and reactive (or voltage) power of the generator will also change. On the other hand the role of the grid-side converter is to control the DClink voltage by maintaining it constant and it is also used to generate or absorb reactive power. The DC link voltage is used as well, with the q-d reference frame oriented along the stator currents and stator voltages, enabling independent control of the active and reactive power flowing between the grid and the converters. 
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The rotor reference current of the phase a (A)
The rotor reference current of the phase b (A)
The rotor reference current of the phase c (A)
The rotor current according to the phase a (A)
The rotor current according to the phase b (A)
The rotor current according to the phase c (A)
RESULTS OF THE SIMULATION AND DISCUSSIONS
The functioning of the complete device was simulated under the environment MATLAB/Simulink for one time of simulation of five seconds (5s) [13] .
The strategy of the command introduced previously was tested in the case of variations of the rotor speed. In what follows, the show of the detail of the relative aspects of this strategy and the interpretation of the results of simulation. The strategy of command is based on the indirect command without locking up of power of the DFIG [14] [15].
Fig 6 : Rotor current ira (A), irb (A), irc (A) according to time (s)
The rotor current is influenced by the variation of the reactive stator current absorbed by the DFIG, these currents ira (A), irb (A) and irc (A) vary approximately between (-4000A) and (+4000A), and they are independent from the profile of wind speed. The rotor currents depend on the variation of the speed of asynchronous machine with double feeding, and on the variation of the sliding of the machine according to the absorption or the supply of the rotor power.
Fig 7 : Rotor current irq (A), ird (A) according to time (s)
These curves show the evolution of rotor currents, these wave forms depend on the speed of the wind. These currents irq (A) and ird (A) vary between (-32A) and (+22A), and these independent from the profile of wind turbine, these values show that the systems are adapted to high power wind turbine. These currents depend on the active and reactive power.
Fig 8 : Stator current isa (A), isb (A), isc (A) according to time (s)
The form of the wave of stator currents is linked to that of the stator active power and of the stator reactive power. These currents vary in sinusoidal forms. The remark is that the currents vary in a sinusoidal manner by increasing their amplitudes. The values of these curves vary approximately between (-1000A) and (+1000A). These curves depend on the stator flux and stator voltage.
Fig 9 : Stator current isq (A), isd (A) according to time (s)
These currents vary approximately between (-2300A) and (+2300A). They depend on the speed of rotation of the machine and show the evolution of the stator active and reactive powers. These currents are independent from the profile of the wind speed. 
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The stator voltage depends on the profile of the stator currents isq (A) and isd (A), and it depends on the stator flux (Wb) and (Wb). It should be noted that the wave forms of the tension are independent of the profile of the wind's speed, the forms of waves of the stator tensions are independent, of the speed of wind and they are equal to the tensions of the grid. The stator voltages Vsq(V) and Vsd(V) vary between (-1800 V) and (1300V).
Fig 11 : Generator speed (rad/s) according to time (s)
The generator speed depends on the profile of wind turbine. The values vary between (-900 rad/s) and (0 rad/s), and depend on the increase in the speed of its rotation. The mechanical speed on the slow tree multiplied by the coefficient of multiplying leads to a rapid mechanical couple on the asynchronous machine. The electromagnetic couple depend on the evolution of the stator flux (Wb), and on the rotor current irq (A). It is independent from the speed of wind, The value of this couple vary approximately between (-30000 N.m) and (+80000 N.m) in the beginning of the simulation and it becomes very adequate to the function of high power wind turbines in the end of the simulation, it fluctuates between 4.98 seconds and 4.99 seconds, and it depends from the stator inductance. This curve shows the evolution of rotor voltages, these wave forms depend on the speed of the wind. They depend on the rotor currents irq (A) and ird (A). The values of these curves vary approximately between (-170V) and (+170V) in the variable ways, and it depends only from the rotor flux (Wb). The frequency of rotor tensions depends on the sliding of the machine. The active stator power depends on the rotor current iqr (A), and on the stator voltage Vs (V). In addition, it is well controlled by the indirect control in opened loop of the asynchronous machine with double feeding, it varies between (+0.8MW) and (+2MW), which is adapted to high power wind turbine, the simulation time is 5 seconds. These curves vary between (-0.35VAR) and (0VAR), which shows the robustness of the indirect command of the DFIG used in wind energy and it depends on the rotor current (A), it's independent from the profile of wind turbine, the simulation time is 5 seconds.
CONCLUSION
The control of the DFIG has been discussed. A review of the component modelling detail required for different study objectives has been provided and appropriate component models are selected [26] . The control design is discussed and the controller performance for power strategies has been discussed and tested by MATLAB/Simulink. This method was demonstrated that it could be used for a DFIG used in wind turbine energy. The algorithm based on a traditional (PI) controller can be used under every circumstance without variations on the control hardware of the actual wind generators. The one based on an indirect opened control presents a better performance for trajectory tracking applications, with error minimisation characteristics but with the need for more computational operations. On the other hand, even if both algorithms present a correct dynamic performance in the developed tests, only the (PI) controller has really been implemented in a wind farm [27] . Thus, it would be interesting to continue analysing the real implementation of the indirect opened control. Finally, as new power regulation systems related to renewable energy sources are being applied in different countries, some research are needed on the generated active power and its quality together with economic aspects of wind farm exploitation. The test bed that has been modelled by using real time digital simulator provides a useful platform for future studies for those who have an interest in wind power and also useful for education and academic works. It can be used to implement and develop various studies such as interaction of wind farm with an energy storage system, interaction of model with a solar system, applying protection system technology and developing new advanced control schemes [28] .
